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Nano physics and 
technology in Russia 
Andrey Geim 
Scientific endeavour in Russia is brightened by quite a few research areas which continue to 
show a strong pulse. One of these research areas, broadly described as nanophysics, deals 
with structures of a very small size (typically less than a micron) in two or three dimensions. 
Nanophysics has seen an explosion of interest during the last decade, largely due to the 
demand from the electronics industry for higher and higher integration and, consequently, 
the need to understand the physics of submicron devices. 
T he demise of "communism" in
Russia has brought utter 
chaos into the economy with 
the consequences hitting science par- 
ticularly hard. Misery in research 
funding has led to a virtual closure 
of a large number of labs as they are, 
literally, unable to pay for electricity 
and water supplies. The brain-drain 
has also had a devastating impact on 
Russian research. Both plunging 
salaries and falling apart facilities 
have forced many academics to look 
for opportunities abroad. Many fa- 
mous Russian schools have entirely 
relocated to the USA and Western 
Europe. 
This process seems to have slowed 
down during the last year or two but 
another direction of the brain-drain 
has emerged. Nowadays, qualified 
scientists enter new Russian busi- 
nesses. This could be good news for 
Russia but so far the word "business" 
rarely has the same meaning in 
Russian as it has in English. If, by 
chance, you visit a Moscow flea 
market and see a young man selling, 
say, imported lady's underwear, don't 
be misled by his appearance - he may 
be a Russian academic with a very 
respectable ist of publications! This is 
probably an extreme example but it 
characterises the situation in general. 
The situation is even more tragic in 
former Soviet republics and pro- 
vinces, away from Moscow, St. 
Petersburg and a few other major 
centres. Prospects for revival of 
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Figure 1. Micrograph of a submicron wire fabricated from an ( A IGa) A s heterostructure. 
The device was used /br studies ~['quantum electron transport at low temperatures. 
Russian science remain very uncer- 
tain, even in the long term, and will 
depend on economic developments of
the next decade. 
Admittedly however, Russians are 
not only trading things or queuing for 
food as the tabloid press repeats ad 
nauseam. There is still a large number 
of Russian scientists who, against all 
odds, continue to push ahead their 
research programs.  The overall  
gloomy situation is brightened by 
quite a few research areas which 
continue to show strong pulse. One 
of these research areas, broadly 
described as nanophysics, deals with 
structures of a very small size 
(typically less than a micron) in two 
or three dimensions. Nanophysics has 
seen an explosion of interest during 
the last decade, largely due to the 
demand from the electronics industry 
for higher and higher integration and, 
consequently, the need to understand 
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the physics of sub- 
mic ron  devices.  
Although nanophy- 
sics is not directly 
connected to III-V 
research, it is a high- 
ly technologically in-
tensive area where 
electron-beam litho- 
g raphy ,  modern  
etching and deposi- 
tion techniques are 
routinely employed. 
In addition, the III- 
V compounds are a 
canonical material 
used for this re- 
search. 
Several arge insti- 
tutions of the Rus- 
sian Academy of 
Sciences are in- 
volved in nanophy- 
s i cs  and  
micro fabr i ca t ion  
studies but the num- 
ber of scientists 
working on the topic in their labora- 
tories varies significantly. Among 
institutes with a strong commitment 
to nanophysics are the Institute of 
Microelectronics Technology (Cher- 
nogolovka, near Moscow), the Insti- 
tute of Semiconductor Physics 
(Novosibirsk), the Institute of Solid 
State Physics (Chernogolovka), the 
Institute of Radioengineering and 
Electronics (Moscow), the Ioffe Phy- 
sico-Technical Institute (St. Peters- 
burg)  and the Ins t i tu te  of  
Microelectronics (Yaroslavl). Below 
we focus on the research activities of 
the first two institutes, (which are very 
familiar to the author), in an attempt 
to give the reader a general impres- 
sion of the current state of nanophy- 
sics in Russia. 
Nanophysics laboratories in Cher- 
nogolovka nd Novosibirsk are based 
on facilities installed in the eighties 
when nanophysics was considered by 
the Soviet government to be a new 
and strategic area. Present assets of 
the two laboratories are worth many 
millions of dollars and a large part of 
the facilities is constituted of modern 
western equipment. For microfabrica- 
tion the laboratories employ optical 
lithography with a res.olution of about 
2p.m and electron-beam (EB) litho- 
graphy which gives a minimum line 
width down to 100nm. The high- 
resolution EB facilities are based on 
Figure 2. New generation of  mesoscopic quantum devices - hybrid nanostructures. The SEM 
micrograph was converted into colour to indicate different materials. The blue is the substrate, 
the golden wire is normal metal (Ag) and the green pad is a thin film of superconductor (Pb). 
scanning electron microscopes (two 
JEOL-840 in Chernogolovka and two 
Stereoscans in Novosibirsk) con- 
trolled by PC hardware manufac- 
tured by Raith GmbH. 
In Chernogolovka, there are also 
three EB lithography machines made 
in the former East Germany which 
are mainly used for draft works or if 
large area patterning is required. High 
quality, easy-to-handle software is 
employed for the lithography. It has 
been developed in Chernogolovka by 
computer scientists and engineers in 
collaboration with the Raith com- 
pany and is marketed in the West 
now. 
The labs employ various thin film 
deposition techniques (thermal, ion- 
plasma, laser and electron-beam de- 
position) and have both ion-plasma 
and chemical-plasma etching facil- 
ities. This makes it possible to 
deposit and process virtually any sort 
of materials including (AlGa}As het- 
erostructures, dielectrics, high-tem- 
perature superconductors and metals 
with high melting temperature. This 
equipment is mainly from Russian 
manufacturers or home-made but 
several western machines are also 
available, for example, a Leybold- 
560 facility in Chernogolovka. 
Although all the equipment is fairly 
modern and kept in good working 
order, its maintenance is a real 
problem now as a 
tight budget does 
not allow for the 
purchase of any 
spare parts. 
About thirty to 
forty academics and 
PhD students work 
in the two nanophy- 
sics laboratories dis- 
cussed  above .  
Roughly the same 
number of research 
projects connected 
with nanophysics 
and microfabrica- 
tion are under way. 
One of these projects 
which must be men- 
tioned is a study of 
quantum phenom- 
ena in submicron 
(mesoscopic) con- 
ductors at low tem- 
peratures .  Both 
laborator ies ,  in 
Chernogolovka nd 
Novosibirsk, are internationally re- 
cognized for their work in this field. 
The work has concentrated on struc- 
tures fabricated from GaAs epitaxial 
layers, normal metal (Bi, Ag, A1, Au) 
thin films and also A1GaAs hetero- 
structures with a two dimensional 
electron gas. An example of a typical 
device used in this research is shown 
in Figure 1. The 0.5~m multi-terminal 
wire has been fabricated from a near- 
surface two-dimensional electron gas 
using electron-beam lithography and 
dry etching. 
Such small devices exhibit many 
unusual properties which have no 
analogies in macroscopic conductors 
and are due to the wave-like nature of 
electrons. Another impressive devel- 
opment is the recent study of sub- 
micron hybrid conductors which 
combine several different materials 
in a single device. Semiconductor 
heterostructures, superconductors, 
normal metals and ferromagnetics 
have all been used in x~arious combi- 
nations to search for new electric and 
magnetic quantum phenomena. Fig- 
ure 2 shows a micrograph of one of 
the hybrid devices. A submicron silver 
wire (golden colour) is placed in direct 
electrical contact with a superconduc- 
tor (Pb pad is shown in green). Using 
this device, Russian scientists have 
been able to demonstrate that in small 
devices a superconductor can affect a 
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normal metal on a spatial scale of 
several microns, which is much larger 
than the scale of the proximity effect 
in macroscopic structures. 
Several other interesting projects 
are trying to exploit microfabrication 
for feasible industrial applications. 
Although the facilities do not allow 
fabrication of devices with a high level 
of integration, the manufacturing of
individual high-tech devices is easily 
possible. There are a number of niche 
markets for such structures. An 
example is submicron Fresnel lenses 
for X-ray optics which can be em- 
ployed in focusing synchrotron radia- 
tion. The X-ray lenses made in 
Chernogolovka are currently used on 
synchrotron sources in Germany, 
France, Britain and Japan. Figure 3 
shows another example of submicron 
Fresnel enses which are fabricated in 
GaAs for infra-red applications. The 
idea is to use the infra-red lenses to 
focus the light from small GaAs solid- 
state lasers and to incorporate such 
Figure 4. Controlled three-dimensional p tterning of electron-beam resist is expected to lead to new 
developments in micro-optics and microengineering. 
Figure 3. Submicron Fresnel enses, which are plasma-etched on the top of solid-state lasers, 
can be used for focusing infra-red radiation. 
lenses into the current echnology. 
Another new and very impressive 
development is three dimensional 
microfabrication. Russian scientists 
are able to control exposure and 
processing of electron beam resists 
to the extent hat it becomes possible 
to create complicated 3D profiles. 
Figure 4 gives an example of a 
profiled pattern in an EB resist 
(width of the last Fresnel zone is 
0.05 ~m). Using consequent dry 
etching, the profile in the resist can 
be projected onto the substrate. This 
can be used to improve parameters of
the Fresnel lenses or create more 
conventional optical enses of micron 
size. The three dimensional microfab- 
rication may also lead to various 
applications in micromechanics. 
Finally, it's worth mentioning the 
financial sources which keep the 
microfabrication facilities operating 
and the staff working intensively. 
Basic costs are covered from the 
budget of the Russian Academy 
which allows the institutes to be 
lighted but is not enough to carry 
out any research. Extra funding, on 
top of what is available to many other 
laboratories, comes from two recently 
established governmental programs 
called "Fund of Fundamental Re- 
search and Nanoelectronics." 
The programs pay for essentials and 
the majority of salaries. Other money 
comes from a number of international 
initiatives, mainly with western uni- 
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versities and small hi-tech companies. 
This contribution is usually small, but 
is also crucial to keep people working 
in the area. For instance, today it is 
quite common that an active Russian 
scientist works abroad for several 
months a year. Money earned during 
these visits allow him/her to have a 
relatively high standard of life for the 
remaining part of the year. Another 
source of financial support, which 
deserves pecial acknowledgment, is 
the Foundation of George Soros who 
sponsors Russian physics from mas- 
sive profits gained from currency 
speculations and the crash of the 
pound in 1992. 
In conclusion, Russian nanophysics 
and technology keep high interna- 
tional standards despite the severe 
economic crisis. There are sophisti- 
cated modern facilities and highly 
skilled personnel but the shortage of 
funding is felt everywhere. Western 
companies who are interested in 
nanotechnology but have no finan- 
cial strength for their own research 
can find excellent opportunities in 
today's Russia. Moderate investment 
can prove itself to be a real bargain in 
just a few years time. Such companies 
as Raith GmbH have already been 
making profits, possibly hefty, from 
their Russian programs. Another 
recent example of a company using 
the Russian opportunities is Cryo- 
physics Ltd. In its recent newsletter, 
Cryophysics advertises "custom made 
microstructures" which can be or- 
dered through Cryophysics and then 
fabricated in Chernogolovka. This 
venture may or may not be successful 
but, at least, it will allow Cryophysics 
to find out whether a market for 
custom-made nanostructures exists 
without paying for setting up its own 
facilities. 
These days science managers in 
Russia are very different from those 
which used to be known in the West, 
say, ten years ago. They speak fluent 
English, are flexible and ready to meet 
the demands of potential customers. 
However, a word of caution remains 
to be said. Traditionally, Russian 
research has been driven mainly by 
curiosity rather than money. It will 
take some time, patience and even the 
talent of potential investors to direct 
the energy of Russian academics into 
industrial applications. But, undoubt- 
edly, this will be rewarded. 
The author is a senior staff member 
in High Field Magnet Laboratory, 
University of Nijmegen, Postbus 
9010, 6500 GL N~jmegen, The Nether- 
lands. He is willing to answer an)' 
inquiries concerning the subject. Read- 
ers may also be interested in contacting 
Prof. V.T. Petrashov, Institute of 
Microelectronics Technology, Cherno- 
golovka, 142432 Russia (e-mail: 
nano@iptm9.sherna.msk.su) and 
Prof. Z.D. Kvon, Institute of Semi- 
conductor Physics, Novosibirsk, 
630090 Russia (e-mail:  pogo- 
sov@ispht.nsk.su) 
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